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Abstract  A new change detection algorithm applying 
to SAR images of urban areas affected by earthquake is 
here presented. It relies on the inversion of 
deterministic scattering models fully describing the 
interactions between a rough ground and a canonical 
parallelepiped-shaped building.
1.    INTRODUCTION
Recent events, as the earthquake occurred in 
Abruzzi, Italy, in 2009 or that in Port-au-Prince, 
Haiti, in 2010 are issuing new challenges for civil 
protection. Indeed the inconvenience and the damage 
brought in these situations to built-up structures and, 
most important, to human beings are huge. It follows 
the urgency of developing new tools able to inform 
competent organizations about affected areas. 
Requirements of high precise detection as well as 
fast mapping are mandatory for a responsive mode. 
Today Synthetic Aperture Radars (SARs) show all 
the potential to accomplish these objectives. Not 
only high geometric resolution is achieved but also 
short revisit times are guaranteed. The authors 
propose here the theory underlying a concept for the 
development of a change detection algorithm in 
urban areas interested by earthquakes exploiting just 
one pre-event and one post-event amplitude SAR 
image. The scattering model they use is the same 
presented in [1] and inverted in [2-5] but it is here 
proposed with the purpose of detecting changes 
instead of extracting single features. A first 
application exploiting this concept has been already 
presented in [6]. Here all the theory is introduced 
and discussed.
2.    THEORY
The algorithm here suggested relies on two main 
concepts: the exploitation of just one single amplitude 
(or intensity) high resolution SAR image [2-5] and the
inversion of sound scattering models developed ad hoc 
for urban areas [1]. In this way the aim is guaranteeing 
a fast but also accurate mapping of hit areas, the 
accuracy being brought by analytical models [1]. 
The change detection algorithm is mainly based upon 
three blocks each performing the following tasks: 1) 
the co-registration between a single SAR pre-event 
amplitude image and a single SAR post-event 
amplitude image; 2) the localization and extraction of 
double reflection lines present in both images; 3) the 
mere detection of changes occurred through a 
radiometric analysis of contributions extracted in the 
second block.
Here we are not concerned about the first and second 
block but will present the theoretical background 
underlying block 3). 
In [2,3] the authors showed how it is possible, 
inverting the scattering models introduced in [1] for a 
canonical building, to extract the height of a building 
(of given canonical geometric model, later on 
extended to cylindrical structures in [5]) measuring on 
the SAR images the double reflection contribution to 
the radar cross section caused by the dihedral 
configuration formed between the building and the 
rough terrain in the sensor line of sight. 
More precisely we can write [2]:
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where the subscripts 1 and 2 stand, respectively, for 
the pre- and post-event images, oˆ is the radar cross 
section measured on the SAR image, h is the building 
height, f(·) is a proper function of the parameters p
related to the scene and the radar working mode and it 
presents a different expression according to which 
Kirchhoff approach approximation is considered, 
whether the Geometric Optics (GO) or the Physical
Optics (PO); A and B are, respectively, a 
multiplicative and an additive constant considering not 
a priori known attenuation and background noise.
For sake of simplicity let us neglect the additive 
constant (which is reasonable in the very bright areas 
of the image) and let us suppose that, following an 
earthquake, some buildings collapse presenting a 
smaller height. In turn a corresponding less bright 
double reflection line is expected due to a decrease of 
the involved dihedral surface, see Fig.1. This effect
Figure 1 – Pictorial view of change in dihedral surface formed between the building wall and the rough ground 
(on the left) and corresponding changes in the simulated SAR images of three buildings with 10m height change
(on the right).
can be appreciated and also quantitatively measured 
meaning that affected areas can be detected but also 
that an evaluation of the level of damage occurred to 
the structures can be given by a radiometric analysis of 
SAR images.
If the pre- and post-event SAR images are acquired 
with short revisit time and in the same acquisition 
mode it is reasonable to think that the function f(·) in 
Eq. (1) will not change significantly from one image to 
the other and that the largest change in the measured 
radar cross section is definitely caused in the change 
of the dihedral height. 
In the above hypotheses, if we consider the ratio 
between the radar cross sections measured in the pre-
and post-event SAR images we get:
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We can then expect that, in the ratio image, in 
correspondence of double reflection lines, not 
damaged buildings will present at average the same 
radiometric values regardless of their height while 
those collapsed will give larger values, each 
differently according to the particular damage
undergone.
In principle can then be inferred that is possible to 
evaluate the percentage of damage by measuring the 
change in the building height, being:
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For this purpose, the value of const in Eq.(3) is got 
from the double reflection lines of buildings in areas 
of the image not affected by earthquake. When const is 
know, Eq.(3) is used again in the areas likely to be 
damaged measuring o o2 1ˆ ˆ  again in correspondence 
of the double reflection lines.
3.    SIMULATIONS
With the aim of better describing the above 
approach simulations have been performed. A scene 
with three buildings with different height and same 
range position has been reproduced and relevant 
SAR images simulated as well in absence of speckle 
for demonstrating purposes, see Fig.2a. Buildings in 
the scene are higher and larger than average 
buildings but the simulation has been performed in 
this way just to reproduce the building appearance as 
in current high resolution SAR images, the resolution 
of the simulated images being poorer than the one 
normally used in this kind of application. For the 
buildings in the scene, the heights are respectively, 
from the top to the bottom, 80, 30 and 100m. A kind 
of post-event image has been simulated as well with 
the building heights now measuring respectively 40, 
10 and 100m. Then the building in the bottom of the 
image did not change its height (no damage 
occurred) while the other two changed significantly 
with a percentage of damage of 50% (building on the 
top) and 66% (building in the centre). The change in 
the double reflection lines is clearly visible.
Applying the approach described in the previous 
section, the ratio of the images has been evaluated
and the main changes in the image detected. From 
the double reflection line of the building not affected 
the calibration constant has been retrieved (in real
Figure 2 – Simulated SAR images without speckle of 
three buildings changing their height from higher (a) 
to smaller (b) values.
images this operation has to be performed on areas 
of the image which are known to be not damaged). 
This constant has then been used, together with the 
values of o o2 1ˆ ˆ  in correspondence of double 
reflection lines, to evaluate the damage occurred in 
the other two buildings. With this procedure the 
damage has been evaluated around 48% (vs. real 
50%) and 66% (vs. real 66%). Obviously these 
excellent values have been obtained with an 
application of the procedure to simulated images in a 
controlled setting. Indeed, a first application of this 
approach to real SAR images has already been 
performed [6] with high resolution COSMO SkyMed 
images acquired on L’Aquila (Italy) before and after 
the earthquake occurred in 2009. There a 98% 
damage has been appreciated for a totally collapsed 
building.
4.    DRAWBACKS AND ADVANTAGES
The idea for this research is based on the need to have 
a fast algorithm for detecting urban areas affected by 
earthquakes but also with the aim to give an evaluation 
of the damage occurred to the structures. 
Figure 3 – A ratio between two co-registered SLC SAR 
images. Speckle and side lobes are emphasized. An 
amplitude modulation in range is also present.
The algorithm here presented really has this potential. 
The longer step, currently supervised and manually 
carried on, is the extraction of double reflection lines 
and their localization in the ratio image. But, once co-
registration has been performed between pre-and post-
event images and double reflection lines are there 
isolated, then following steps are faster. For example,
also the ratio image can be co-registered with the pre-
event image and the localization of double reflection 
lines got from the last can be reused to spot the areas 
in the ratio images where to extract the calibration 
constants. Description in detail of the single steps in 
the procedure is the topic of another paper [7] and will 
not be discussed further here. 
Because of the SAR side looking, working with just 
one post-event image presents the risk to find false 
negatives in the final mapping. This may happen when 
buildings mainly collapse on a side which is not in the 
line of sight of the radar. In this case, even if a change 
in the brightness of the double reflection line can not 
be appreciated, an alteration in the backscattering from 
the collapsed roof and in the length and shape of 
shadow will occur and texture information can be used 
as double-check to spot these particular cases and 
reduce the rate of false negatives.
Some considerations are due about the recommended 
product and the use of the ratio image. Previous 
studies using radiometry for retrieving features [5] 
showed that the best product for this purpose is the 
less corrupted which means a single look complex 
(SLC) image. On the other side with this product 
speckle is not filtered at all. When we consider the 
ratio of two SLC images together, as can be imagined, 
noise is unfortunately emphasized together with 
significant changes. The dynamic of speckle, indeed, 
is enormously enlarged. For the purpose of detecting 
changes a filter might be required (even if not always 
necessary) in order to circumscribe the areas of 
interest.
The ratio image emphasizes two other effects. The 
first is a random stronger appearance of the side lobes. 
It mainly occurs in correspondence of strong scatterers 
and depends upon how the impulse response of the 
single scatterer is sampled. Fortunately, the clear 
“star” signature left by the side lobes in the image, see 
Fig.3, easily allows to recognize and isolate them even 
in an unsupervised way.
A further effect not present in the initial images is a 
“comb” effect in the range direction. This effect, 
appearing as an across-track amplitude modulation,
see again Fig.3, is probably due to the processing and 
is under investigation. Certainly, it needs to be 
considered in the extraction of the calibration constant 
used in Eqs.(2)-(3) to avoid fluctuations of the 
constant in different areas of the image.
To conclude this discussion we also underline that
errors in the co-registration process will heavily affect 
the procedure. How to minimize and control errors 
coming from this source is currently investigated.
5.    CONCLUSIONS
This paper has presented the theoretical framework for 
a change detection algorithm from SAR images of 
urban areas affected by earthquakes. The main 
advantage deriving from this approach is in the 
exploitation of just a single module post-event SAR 
image which is helpful in action for responsive mode. 
Moreover, in order to identify and also quantify the 
main important changes in the image the authors 
discussed the hypotheses to convert and easily apply a 
simplified version of their feature extraction 
algorithms to a case of change detection. Results from 
simulations are reasonable as expected and a first 
application to a real case is also promising.
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